A RECURRENT, sustained ventricular tachycardia associated with coronary artery disease is most likely a reentrant arrhythmia. Slow conduction is considered a prerequisite for reentry, and it is believed that such slow conduction occurs in the areas of prior myocardial infarction in patients with this arrhythmia. Fontaine et al."A used epicardial mapping during sinus rhythm to localize ventricular tachycardia and guide surgery in patients with ventricular tachycardia unassociated with coronary artery disease. Late potentials were recorded during sinus rhythm and were suggested as markers of slow conduction denoting an area in which reentry could take place. The almost uniform finding of epicardial late potentials in patients with ventricular tachycardia associated with arrhythmogenic right ventricular dysplasia led to the suggestion that late potentials can be used to guide surgery for all reentrant ventricular tachycardias, for they defined the electro-physiologic substrate of slow conduction required for the genesis of the tachycardia.
Signal averaging has been used to evaluate the propensity to ventricular tachycardia. Simson,5 Breithardt et al., 6 Rozanski et al. 7 and Hombach et al. 8 demonstrated that patients with recurrent sustained ventricular tachycardia and coronary artery disease have delayed, low-amplitude signals after the end of the QRS on the surface ECG. Low amplitude and terminal delay were relatively specific for patients with ventricular tachycardia.
The purpose of the present study was to evaluate the frequency and significance of epicardial 'slate"s potentials recorded during sinus rhythm by epicardial mapping in patients with recurrent ventricular tachycardia due to coronary disease, and to correlate the presence of such epicardial delayed potentials with the incidence and duration of the low-amplitude, delayed signal on the surface ECG in patients with ventricular tachycardia.
Materials and Methods
Patients
Seventy-eight patients with medically refractory ventricular tachycardia and coronary disease underwent intraoperative sinus mapping before surgery for their arrhythmia. There were 66 men and 12 women, ages 32-74 years. All patients had had at least one myocardial infarction; 70 patients had a left ventricular aneurysm. All eight patients without a left ventricular aneurysm had inferior infarctions and inferior akinesis.
The details of our intraoperative mapping procedure have been reported.9' 10 Briefly, the heart is exposed through a median sterenotomy and cannulated for cardiopulmonary bypass. The arterial cannula is placed in the ascending aorta and a venous cannula is placed through a pursestring suture in the right atrium. A Teflon-coated, stainless steel plunge electrode (0.005 inch in diameter) was inserted by a 23-or 25-gauge needle in the left ventricular free wall to record a reference electrogram. Initially, a similar plunge electrode was used to record a right ventricular reference electrogram. In the last 71 patients, the right ventricular reference electrogram was obtained from a perveneously introduced quadripolar electrode catheter inserted in the right ventricular apex. The proximal pair of electrodes was used for the right ventricular reference electrogram and a distal pair was used for programmed stimulation. Close bipolar (1-1.5 mm) electrograms were recorded at 54 predetermined epicardial sites with a hand-held probe or finger electrode. Electrograms were obtained from each of these sites during sinus rhythm and were simultaneously recorded with three surface electrograms (usually leads 1, 2 or aVF, Vs or VSR) and the reference electrograms. The electrograms were filtered at 40-500 Hz and analyzed for timing and duration. Late potentials were defined as discrete activity existing at least 10 msec after inscription of the surface QRS. Discrete potentials were usually preceded by either low-amplitude, fractionated activity or one component of a split electrogram.
After completion of the epicardial sinus rhythm map, ventricular tachycardia was induced by programmed stimulation. The tachycardia was mapped both epicardially and endocardially, as previously described.9' 10 The area of origin was defined by the site from which the earliest activity could be recorded.9 10 Signal Averaging Technique In four patients, the site of epicardial breakthrough bore no relationship to the site of origin of the ventricular tachycardia (i.e., was more than 3 cm away from the earliest recorded activity). The site of earliest activity in each of these four patients was on the left side of the interventricular septum, whereas the late potentials were on the aneurysm on the free wall of the left ventricle. Moreover, epicardial breakthrough during the tachycardia in each of these patients differed from the site of the late potential and from the earliest recorded activity, which was always on the septal endocardium. An example of such a patient is shown in figure 2 , in which the epicardial late potential was recorded on the free wall adjacent to the interventricular septum, the earliest epicardial breakthrough during ventricular tachycardia occurred at the right ventricular apex, and the earliest site of activation during the tachycardia occurred at the endocardium of the middle left ventricular septum. Thus, there was no relationship of the site of the late potential, epicardial breakthrough, and origin of the tachycardia.
In the remaining five patients, the late potential occurred near the earliest site of activation of the tachycardia: the free wall of the left ventricle at the endocardial border of the aneurysm ( fig. 3 ). In these patients, the epicardial breakthrough, the late potential and the site of origin occurred within 3 cm of each other. Three of these five patients had additional tachycardias in which the origins differed from the late potential and occurred on the interventricular septum. Thus, even in patients in whom at least one tachycardia morphology was associated with the late potential, the site of the late potential could not be used as the sole guide for surgical intervention.
Signal Averaging High-quality, signal-averaged electrograms were obtained in 30 patients before surgery. In 27 of these patients (90%), a low-amplitude tail occurred at the end of the amplified QRS and after apparent inscription of the QRS on the standard ECG. That is, the lowamplitude tail, which was less than 25 TIME (MSEC) FIGURE 5 . Relationship of signal-averaged electrogram to epicardial activation in a patient without an epicardial late potential. Thisfigure is displayed identically tofigure 4. A lowamplitude tail is present in the signal-averaged electrogram (arrow), but no epicardial activity is present during the recording of the signal. Thus, the low-amplitude tail must be derived from a nonepicardial site.
used to detect this substrate of slow conduction. Our data suggest that epicardial late potentials are neither sensitive nor specific markers of ventricular tachycardia associated with coronary artery disease and bear no relationship to the low-amplitude potential on the signal-averaged ECG. Although delayed potential may be a marker of slow conduction from an area that may be involved in a reentrant circuit, in four of nine cases there was no relationship between the finding of late potentials and the area of earliest activity recorded during the tachycardia. Even when the area of late potential was adjacent to an area from which the earliest activity during the tachycardia was recorded, the earliest activity was always recorded from the endocardium. Furthermore, in this latter group of patients, additional separate and distinct tachycardias occurred at sites distant from the area of the late potential. Thus, late potentials appear to be uncommon in the setting of coronary artery disease and cannot be used to localize tachycardias, even when they are demonstrated. The morphology of the ventricular tachycardia, the site of infarction or aneurysm formation and the hemodynamic pattern did not predict which patients would have epicardial late potentials. gest that delayed activity is frequently recorded in the endocardium. We presented preliminary data that the fractionated electrograms recorded on the endocardium with catheters correlated with the area of earliest activity during the tachycardia. More work, however, is necessary to evaluate the significance of fractionated endocardial electrograms and relate them to the site of origin of the tachycardia and to the low-amplitude signals recorded by signal averaging techniques.
